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achievad by a 10-minute sea! in 1.25 wt% nickel
acetate at 18C4 followed by a 2-minute seal in

SThe AF Materials Laboratory 50th Anniversary 4.15 wt% sodi. dichromete at 180 F. Sulfuric acid
C-orroon of Military and Aerospace Equipment Tech- anodizing for as little as 5 minutes followed by
,_Jical Conference ras held in Denver, May 23-25, this duplex seal was resistant to 5 percen. silt
?=1967. Many of the refereices in this review are fog for times in excess of 1000 hours. Paint adhe-

t aken from papers presented at this conference. sion to the duplex-sealed, high-strength alloys was
excellent.

- The second quarterly progress report for the
RP#A Coupling Prg fam on stress-corrosion cracking Degradation of conversion coatings on 2219-

sa been issued. ' Included are the initial ex- T87 aluminum resulting from *old heat has been re-
rimental results for 'the physical metallurgy, ported by George C. Marshall Space Flight Center.V )

urface chemistry, and fracture mechanics of high- Salt-spray tests on heated or welded samples showed
srength seals, titar.!um, and aluminum alloys. that temperatures in excess of 140 F significantly

-'lso included are recently published reports by par- reduced the amount of protection afforded by con-
ticipants in the program. . version coatings. The heat from welding damaged

the coating for a distance of about 6 inches around
HASA-Lewis Research Conert, has recently is-. the weld. The damaged areas could be repaired by

sued a book entitled, "The Handling and Use of mechanically stripping the old coating and manually
Fluorine ano Fluorine-Oxygen Mixtures in Rocket applying a concentrated conversion-coating solution.
Systems".(2) Included is a 72 page chapter on con-
patibility of metallic and nonmetallic materials Stress-Corrosion CrackingI with fluorine and FLOX.
wn The effect of quenching rate on susceptibility

The seawater corrosion rates of over 50 com- to intergranular and stress corrosion for an Al-4Cu
mon metals and alloys of iron, aluminum, copper, binary'alloy and an Al-4Cu-l.SMg ternary alloy has
and nickel are presented for seven different harbors been studied at the Naval Air Engineering Center.(8)
in a compilation prepared by Stevens Institute of Rgsults of polarization studies with high quenching
Tochnology.(3) Also presented are average corro- rates failed to indicate the existence of any con-
sion rates for most of these materials, tinuous anodic paths in the absence of stress.

These results were interpreted to mean that a
Additional results have been reported for the crack-sensitive path did not preexist under these

deep-ocean exposure studieos being performed by the conditions and that stress seemed to initiate the
Naval Civil Ininlering and Marine Engineering intergranular attack.
Labortorie.(, Materials under investigation
include carbon steel, stainless steel, copper al- Research on the mechanism of stress-corrosion
loys, nickel alloys, titanium alloys, and aluminum cracking of aluminum alloys is continuing at
alloys. Exposure depths inclJe shallow water and Alcoa. ) Microscopic stuies have been made of
2340, 5300, 5640, and 6780 feet. Exposure times crack initiation in special tuning-fork ppecimns
ranged from 123 to 1064 days. Corrosion rates, pit stressed transversely to 75 percent of yield
depths, types of corrosion, analyses of corrosion strength. Cracks in 2219-T37 started and grew pri-
products, and changes in mechanical properties marily on grain boundaries oriented normal to the
were summarized. Changes in temperature and oxygen stress. The cracks eitheq stalled or sought more
concentration at the several depths appeared to ex- favorably oriented boundaries when they encountered
ert more influence on corrosion than depth per so. an unfavorably' oriented boundary. Cracks in 7075-
Crevice corrosion was more severe near the surface T6 developed and progressed on "former boundaries"
than at 2340 or 6780 feeat. This effect was attrib- normal to the stress. Cracking was rapid because
uted to differences in the dissolved oxygen content most of the "former boundaries" were oriented favor-

, of the water (6.77 ppm at the surface and 0.6 ppm ably. Cracks initiated on boundaries with equal
at 2340 feet and 1.70 ppm at 6780 feet). ease in the presence or absence of pits.

CORROSION OF AWMINUM ALLOYS Kaiser has summarized 1 year's research on
developing an accelerat d stress-corrosion test

Coatings and Films for aluminum alloys.(lO) In general, aqueous solu-
tions of NaC1-K2Cr2'7 were found to be effective in

The parameters affecting the nickel acetate- csusing rapid short-transverse failures with little
sodium chromata sealing oi sulfuric acid anodized general surface corrosion. However, the stress-
2024-3, X075-T6, 7178-T6, a-d 7079T6 aluminum corrosion performance of any given alloy was de-
have been ,vestigated by Philco-ForO, Aeronutronic pendent an pH and temperature of the solution.
Division. ,y Maximum corrosion resistance was

Oefense Metals Information Center *- 8 teile Memorial Institute Columbus, Ohio 43201



A new electrochemical test for evaluating the in 1atts ni.kel-*lectroplated 4340 steel and
stress-corrosion performance of 2219 aluminum alloy chrOslua-electroplated H-11 aid 4340 steels.
in the Te l and T87 tempers also has been described
by lcoa.(dl) The test solution used (absolute The Canadians have also ttudiet hydrogen-en-
methyl alcohol and carbon tetrachloride in varying brittlement- of high-strongth steela. 16 A+method
ratios) depended upon the composition and cold- was developed for leaning 1062 and-4037 -steels that
worked condition of the alloys. In this solution, did not produce embrittlement. specimns w re given
the potential of material that was resistant to succQssive dips in HC!t CA04, and HNO-acettc acid4
stress corrosion was about 200 millivolts more an-. and wa rinsed ultrasonically. Yothoas that did
odic than the potential of susceptible or border- not produc iambrittlement also were developed for
line materiel. The test, requiring less than 1 electroplating with zinc, cadmium, and copper.Z
hour to run, has been developed for use in plant- •
control laboratories as an alternative or supple- The Naval Research Laboratory has investigated
ment to the conventional 30-day alternate imersion the low-cycle-fatigue crack propa~ation in plite-
exposure in 3.5 wt% sodium chloride solution. bend specimens of 5Ni-Cr-Mo-V, MNi-4Co-0.25C, and

12M mraging steels in rogm temperaturoe air and
The test data of a cooperative program on t.e 3.5 percent salt solution.17) All three steelu

evaluation of 7001-T75 aluminum have been sumar- were *dversely affected by the salt water, but twne
ized by Aerospace Industries Association.(12) At catastrophically. The 5Ni-Cr_-o-V steel was least
strength levels approaching those of 7075-T6 alumi- affected. Zncrmasing the yield strength of the 12Nil
num, the 7001-175 was found to be resistant to maraging steel and cross rolling of the 9Ni-4Co-
stress-corrosion cracking in the 30-day alte:cnate 0.25C steel increased their corrosion-fatigue-crack-
imersion test in 3-1/2 percent NAM solution. propagation resistances.
700i-T75 was also resistant to exfoliation corro-
sion, but was not imiame to intergranular attack. Stainlesa Stel

CORROSION OF IRON-BASS ALLOYS
The cause of stress-corrosion crackirg at spot ,

High-StrEnath Steels welds in the Type 301 stainless steal in the Atlas-
Centaur rocket has been determied by Convair.(lb;

Mateials selection for the Deep Submergence The cracks were both intergranular and transg:anular
Rescue Vehicle and Deep Que t jresearch Vehicle have in the heat-affected zone sdjacet to the weld nug-
been described by Lockhee.(13) Of particular in- gets. Failure analysis and labcratory stress-
terest were the reasons for selecting the high- corrosion tests with 30 chea.ices that are used in
strength steels for the inner hulls, the use of shop processing indicated that an ocid metal chlo-
stainless steel in many of the ,enetrations through ride employed in electromarking part numbers was the
the hull, and the paint formulution and methods of probable corrodent. Analysis of the corrosion prod-
application to the hull. uct at cracked areaz on the rocket revealed low pH

The delayed failure characteristics of 4340 and the presence of caloride and cobalt.

and HP 9-4-45 (9Ni-4Co-0.45C) steel in distilled The effect of cold work on the stress-corrosion-
water and 1.5 N and 3.0 N NaCl environments have cracking behavioz of Types 301, 304, 310, and 321
been evaluated by TRW using smooth-tenslle-, stainless steels has been studied at the Bureau of
precracked-teosile-, and precracked-cantilver-beam Standards.(19) Cold reductions ranged up to 50 pee-
specimens.(14 Delayed failure occurred in both cent. No cracking was detected in any of the speci-
materials (235 to 245 ksi tensile strength) in all mens stressed to 90 percent of yield strength and
the environments studied. Distilled water was more exposed 452 days in a mrine atmosphere. Laboratory
aggressive than the chloride environments on the studies in boiling 0,SN NaCl-O.1N NaN 2 solution re-
4340 steel, while the reverse was true for the vealed a maximum in the threshold-stress-level-to-

HP 9-4-45 steel. Cathodic-polarization studies in- produce-cracking curves at 26 percent cold reduction
dicated that the delayed failures in 4340 steel were (93 ksi) for Type 304 stainless steel and at 33
consistent with a hydrogen-mbrittlment mechanism, percent cold reduction (113 ksi) for Type 321 sttin-whila those with HP 9-4-45 steel were related to an- less steel. The threshold level for Type 301 stain-

odic dissolution along active paths. These results less continued to increase with increased cold worksuggested to the authors that the mchanim of de- to 33 percent (166,000 psi). The Type 310 stain-
layed failures is not the same for all high-strength less did not generally crack in the above solution.
steels. Tests in boiling 42 percent MgC12 indicated that

The hydrogen-embrittling tendenc'.oi of the annealed Type 310 stainless was more resistant
surface-preparation techniques and the c fective- to cracking than the cold-worked material.
ness of hydrogen-embrittlement relief t .atment on
high-strogt steels have been studied at Battelle- Aueous Corrosion
Co______ Sustained-load experiments with
notched-tensile specimens of H-11, 4340, and 18Ni The corrosion rates of Haynes 25, Hastelloy C,
raraging steels heat treated to 260,000 psi tensile and Hastelloy N in seawater have beer measvrj by
strength indicated that processing in an anodic- the Naval Radiological Defense Laboratory.2O) Two
alkaline cleaner, an anod' j-acid cleaner, a non- radioactive tracer techniques were useds (1) mess-
electrolyte, a soak-type alkaline cleaner, or an urement of radioactivity leadhed into seawater from
inhibited HCk pickling bath did not induce embrit- radioactive specimens and (2) neutron-activation
tlement, except for the latter which caused delayed analysis of corrosion products from inactive speci-
failure of 4340 steel. Baking for 24 hours at 375 mens exposed to seawater. Exposures were 95 days In
F eliminated delayed failures of Wood's nickel- aerated and deaorated seawater at a temperature of
strike-plated specimens, cadmium-plated specimens, 6 C (42.8 F) and velocity to 0.7 ft/sec. Avragc
Watts nickel-olectroplated H-1l and 18Ni maraging corrosion rates for Hastelloy C and Hastelloy N
steel, and chromium-electroplated laNi maraging wore 0.5 x 10-4 and 1 x 10-4 mil/yr9 respectively.
steel. The baking did not prevent delayed failures Differonl&l leaching occurred on Haynes 25. The



3 Lcorrosion rate based on cobalt release was 1 x 10-6 additions. A statistical analysis of the results
mil/yr,.while-that based on chromium release was indicated that chromium znd aluminum were the only
4 x 10-4 mil/yr. elements which significantly improved the hct corro-

sion resistance of nickel-base alloys in te early
Hot-Salt Corrosion stages of attack (50 hours) and that only chromium

was aignificant at 100 hours.
The corrosion problems !n aircraft gas-

turbine parts due to sea-salt ingestion- have been CORROSION OF TITANIUM
discussed by General Electric Flight Propulsion
Division.(21) The nature of attack, mnintenance, Gas-Metal Reaction'
protective measures, and choice of materials were
described for three categoriess (1) ambtient tempera- The effects of stress, hydrogen pressure,
tures to the boiling point of the- seawater electro- surface cleanliness, and microstructure on the
lyte, (2) boiling point to the melting point 4about titanium-hydrogen reaction have been studied at
200 to 1500 F) of the salt (nonaqueous corrosion), Battelle.(26) No reaction occurred with abraded
and (3) above the melting point of the salt to about and stressed Ti-50A, and ply one reaction occurred
2000 F (the corrosive salt at this temperature Is with abraded and stressed Ti-6A1-4V in 1 atmosphere
Na2SO4 - a product of the interaction of sea salt, hydrcgen at 80 to 140 F, However, abraded but un-
sulfur, and air). annealed Ti-50A ra;*ted with hydrogen throughout

the pressure range-of -1.1 to 69.5 atmospheres. In
The xesults of a program to evaluate the the Ti-5OA, the acicular microstructure was more

effects of long-time exposure 11- a hot-salt environ- reactive than the cold-worked or equiaxed structures.
ment on the mechanical properties of ten. welded and Experiments showed that hydriding of Ti-55A tubing
brazed stainless steels and sVpe alloys have been at 99 F and 22.4 atmospheres could be initiated by
presented by Pratt & Whitey. 22 ) Synthetic sea- rubbing tne tubing with-high-chromium steel and
salt slurries were brushed.on the specimens which could be prevented by an HN03-HF-H20 pickle.
were then dried at 250 'F. Specimens-wee- stressed
and were cycled between ambient and 600 to 800 F' Stress-Corrosion Cracking
for AM-350, AM-355, PH15-7Mo, Pi14-SMoi and Greek
Ascoloy; 800 to 1200 F for A-286;i 1600 to 1800 F for North American Aviation-has compileS the re-
Rene" 41 1600 to 1900 F for Udimet 7001 and 1600 to sults of stress-corrosion-cracking studies on Ti-2000 F for Hastelloy X and TD Nickel. The results 6A1-4V alloy in a number of fluids.(27) Cracking
revealed were stress-corrosion cracking of AM-350 failures occurred in the following fluidss pure
and loss of mechanical strength for Hastelloy X N204, pure methanolp methanol with synthetic sea-
and Rend' 41, both due to the salt at the maximum water or chloride-contaminated water, Freon MF,
cyclic temperatures (2000 and 1800 F, respoctivoly). chloride-cbntaminatid Freon MF, and a 14 mixture
No degradation occurred on these alloys when the of methanol and.Freon MF, No cracking failures
temperature was 1600 FI. There appeared to be no occurred ins N204 containing NO or H20; methanol
effect of the salt on brazed Greek Ascoloy, the and H201 isopropanol, with or without chloride con-
brazed AM4350, and the welded PHl4-8Mo specimens. taminationj Freon TF, with or without chloride con-

The oxidation kinetics of -1900 alloy (Ni- tamination; aerozine 50; isopropenol-contaminated
aerozine 50; pure, chloride-contaminated, or in-lOCo-SCr-(640-6A1-4Ta-lTI) coated with sodium sulfate hibited water; trichlorothylenel benzine; ethylene

have been investigated in the 800 to 1000 C (1470 to glycol ; chloride-contaminated monomethyhyedrazneX
1830 F) temperature range at United Aircraft.(23) In or chloride-contaminated Stoddard solvent.
eneral, three stages of oxidation were observedo

an induction staqe when very little weight gain Cracking studies with notched and precracked
occurred, (2) a transition stage of accelerated at- Ti,,8AI-lMo-IV alloy have been summarized by Booing.(28)
tack, and (3) a final parabolic stage. Despite the Notched specimens at preset applied potentialc
parabolic behavior, the scale, which formed during cracked more readily in chloride, bromide, and io-
sulfidation was not protective. The temperature de-- dide solutions than in air. Fluoride, hydroxide,
pendenceof the parabolic rate constants was found to sulfide, sulfate, nitrite, or perchlorate had little
correspond to an activation energy of 39.1 0.5 or no adverse effects. Precr6.'king was not neces-
kcal/mole.. sary, but there was .a minimum notch-root zadius

The thermodynamics oi the formation and re- above which rapid cracking did not occur. Cathodic
activity of sodium sulfate with gas-turbine super- protection occurred at potantias mere negative
alloys have been studied by United Aircraft.(24) than -1,000 my to the standard qalomel electrode in
Calculations indicated that, in the 600 to 1000 C the chloride, bromide, and iode solutions. An
(110 to 1830 F) temperature range, Na2SO4 is formed anodic-protection zone of ipDl.ed potential was found
by the interactions between NaCl and the sulfur ox- in chloride and bromide but not in iodide solution.
ides S02 and S03. Thermodynamic considerations also
indicated that attack occurred only when the pras- The effect of an eleclrtc 'ild and gamma
sure and temperature conditions caused condensation radiation on the stress-cornsi o., t'aing of salt-
of the Na2SO4 , Experimental evidence was presented coated TL-8AI-IMo-IV alloy t 100C ' !as been studied
to verify these conclusions, by North American Avibtion. *29) :)lura time of some

npcimens could be extened nxng the specimen
An alloy-development study to investigate positive (1000 v/cm) as .oiareA wih gpecicens made

the effects of composition parameters on the hot- negative. Failure timr was xd '.vsd b,' an order of
corrosion resistanco of nickel-bast siporalloys has magnitude in the pros, ic of a ntrong 4aomma ray source
been conducted at United Aircrat. 25 ) Approximately of l0o to 106 ri'hr. T.s ef oc.s of the gama radia-
100 vacuum-melted heats were employed. The tion obliterated ny effect. , if the electric fleld
sulfidation-erosion tets were conducteJ for 100 whon both were applied simultan.t-usly.
hours at 1650 F-1O ft/sec velocity in JP-5R fuel-
combustion products with 3.5 ppm synthetic sea-salt
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;nQPTn1 OF PFF =CUr W UiL. The long-term corrosion protection coating
2M LLOYa system* for rocket,-launch complexes in seacoast

atmospherts ave ben described by Derater Murtin7
DUIC has issued a summary of the twelfth Marietta. 36 ) Aong the complexes described were

meeting of the Refractory Composites W rklng Group Gemini and Titans , IlI, lilA, and XIIC. Also
held in Denver on October 17-19, 1,66- An- discussed were surface preparation, advantages and
cluded, among other thingsp are data obtained by disadvantages of certain coatings, and cost of coat-
various laboratories for the oxidation behavior of ings.metala, intermetallic compounds carbides aid ox-

ides, composites, and coating systems. REERENCES

The corrosion behavior of vanadium in aerated (1) Preliminary information reported by the U. S.
H2504 , H0I, and HP04 solutions has been determined Naval Research Laboratory, Washington, Do C.,
by Russian scientists .041 In aerated distilled under U. S. Navy Contracts Nonr-610(09),
water at 25 C (77 F)_ the corrosion rate of vanadi- Nonr-760(31), and N00014-66-00365.
un gradually increased with time, and aftax 300
days, reached a rate of I mil/year. Vanadium was (2) Schmidt, H. W., and Harper, J. T., "Handling
renistant to H2P04 in all concentrations. up to 80 and Use of Fluorine and Fluorine-Oxygen
percent at 25 C, but was relatiovely resistant Mixtures in Rocket Systems", Report NASA SP-
only to less than 10 percent acid at 100 C (2!2 F). 3037 NASA-Lewis Research Center, Cleveland,
In HC1 at 25 C, vanadium had low resistanc/4 to 0. (1967) DMIC No. 68563.
acid concentration gre.ater than 30 percent, and at
100 C was not resistant at acid concentration great- (3) Gordon, H. B., "How Metals Resist Sea Water",
tr than 10 percent. In H2S04 at 25 C, vana.,ium ex- Materials Engineering, 6 (5), 82-83 (May
hibiied low -resistance in 60 to 90 percent acid, 1967) DAIC No. 68538.
and at 100 C had low resistance in greater than
20 percent acid. (4) Reinhart, F. g., "Co.rosion of Materials in

Hydrospace", Report R-504, U. S. Naval Civil
PTE'IVE COATINGS Engineering Laboratory, Port Hueneme, Calif.

(December 1966) DMIC No. 68322.
Metallic GoAti (5) Wheatfall, W. L., "Metal Corrosion in Deep-

Protective coatings for tantalum-and-tungsten- Ocean Environments", Report MEL A29/66
base alloys at temperatures above 3500 F have been (AD 645481), U. S. Navy Marine Engineering
!nvestigated at IT Research Institute.(32) Oxida- Laboratory, Annapolis, Md. (January 1967)
tion tests of hafnium-tantalum slurry coatings EthIC No. 68521.
showed that 18, to 20-mil coatings protected tanta-
lum for 20 minutes at 3500 to 3700 F under iso- (6) Fassell, W. M., Jr., "Optimization and
thermal or cyclic conditions. Slurry-deposited# Evaluation of Aluminum Sealing", Report
iridium-base coatings on tungsten showed localized AF1L-TR-67-71, Philco-Ford Corporation,
failures resulting in a pitting-type oxidation. Newport Beach, Calif., Contract AF 33(615)-

2747 (March 1967) flAIC No. 68244.
The flame spraying of metals and nonmetals

for cor osion protection has been summsrized by (7) Higgins, R. H,, "Effects of Weld Heat on the
Norton.f33) Results were presented for metallized Protective Properties of Conversion Coatings",
coatings that had been exposed in excess of 10 NASA-George C. Marshall Space Flight Center,
years in marine and industrial atmcspheres. They Huntsville, Ala.p Paper presented at the AFML
indicated that a seal coat was imperative to maxi- 50th Anniversary Corrosion of Military and
mize the life of a sprayed coating. Aerospace Equipment Technical Conference held

at Denver, Colo., May 23-25, 1967, EMIC No.
Organic Coltinas 68645.

Several organic coatings for magnesium were (8) Ketcham, S. J., "Polarization and Stress-
investigated by the Naval Ordnapce Laboratory for Corrosion Studies of an Al-Cu-Mg Alloy",
resistance to seawater exposure.k34) The ultimate Corrosion Science, 1 (6), 30,-314 (June 1967)
application will be on the submarine smoke and DMIC No. 68874.
illumination signal Ex85) Mod 0 which is made of
magnesium alioy ZK60A-T75. Results of salt-spray (9) Preliminary information reported by Aluminum
tests indicated that the best materials were Company of America, Alcoa Research Labora- .

alkalina-rasistant coatings 2 to 4 mils thick such tories, New Kensington, Pa., under NASA
as epoxies, polyurethanes, and vinyls. The best Contract NAS 8-20396.
coatiag, baoed on all vasidorations, was epoxy
pr~.~s ~MIL-P-37216 and polyurethane topcoat MIL- (10) Helfrich, W. J.; "Development of a Rapid
' -27227. Stres Corrosion Test for Aluminum Alloys",

Annual Summary Report, Kaiser Aluminum &
Curront and future coating formulations used Chemical Corporation, Spokane, Wash., under

on aircraft by tix companies have beep discussed Contraot NAS 8-20285 (March 15, 1967) DMIC
it, a papor y Morris of XcDonnel 535) Also in- No. 68546.
cluded w ra descriptions and photographs 'of the
sever;a typeg of corrosion ubsorvad at fasteners
in alumtrnz airca~ft.
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(11) Horst-R. L., Jr., Holli nsworth, E. P., and (21) Beran, P. A., "Corrosion Problems in Air-

King, W., "A New Solution Potetial Measure- crAft Gas Turbine Engines", General -lectric
ment for Predicting Sttess--;rroS'ion Perform- Company, West Lynn, Mass., Paper presented at
ane of 2219 AluminutvAlloy Products", Alcoa the AFML.50th Anniversary on Corrosion of
Research Laboratories5 New Kensington; Pa., Military and Aerospace Equipment Technical
Pftpar presented At the AFIL 50th Anniversary Conference ield at Dehver, Colo., May 23-25,
Corrosion of Miltary and Aerospace Equip 1967, EMIC No. 68934.
ment Technical Conference held at Denver,
C~lo, May 23-25, 1967., t.TC No. 68756. (22) O'Connor, 3. J., Vozzellar P. A., and Grande,

P.- 01Investig~tiOn of the Effects of an
(12) Cicinella, A., 'Evsluat-.on of Aluminum Alloy. Ivsigto fte fet fa

1n oElevated-Temperature, Corrosive Environment
1001-775 , Technical Report No. 101, M-to- on the Mechanical Properties of Certain Welded
apace Industries Assoziation of Aerica, Inc., and Brazed Stainless Stiels and Superalloys",
Lockheed Aircraft Corporation, Washington, Pratt & Whitney Aircraft.Division, United
D. C. (December 1966) DMIC No. 68366. Aircraft Corporation, Eaet Hartford, Conn.,

Paper presented at the AFML 50th Anniversary
(13) Rynewicz, J. F., 'Marine Corrosion Control for on Corrosion of Military and Aeospace Equip-

Deep Submergence Vehicles", Lockheed Missiles ment Technical Cunference hold-at Denver,
'and'Space Copeny, Sunnyvale, Calif,., Piper Colo., May 23-25, 1967, EMIC No 68648.
presented at the APML 50th Anniversary on
Corrosion of ?ilitory and Aerospace Equipment (23) Bornstein, N. S., DeCreicente) M. Ao, and

-Technics) Conference held at Denver, Colo., Sturiale, T., "Sulfidation of a Nickel-Base
May 23-25, 1967, DMIC No. 69161. Suporalloy", United Aircraft Corporation,

East Haitford, Conn., Paper presented at the
(14) Benjamin, W. D., and Steigerwald, E. A,, AEML 50th Anniversary on Corrosion of Military

"Stiess-Crrosion Cracking Mechanisms-3n and Aerospace Equipment Technical Conference
Martensitic High Strength Steels", Report held at Denver, Colo., May 23-25, 1967,
A=LTR-67-98, TRW, Inc., Cleveland, 0., DMIC No, 68777.
Contract AF 33(615)-3651 (April 1967) ITIC
No. 68422. (24) DeCrescente, M. A., and Bornstein, N. S.,

"Thermodyntmics of the .Formation of and
(15) Groeneveld, T. P., Fletcher, E. Boo and Elsea, Reactivity of Sodium Sulfate With-Gas Turbine

A. R., "A Study of Hydrogen Embrittlerent of Superialloys", United Aircraft Corporation,
Various Alloys", Annual Sumsary Report, East Hrtfmd, Conn., Paper presented at the
Battelle Memorial Institute, Columbus, 0., AFML 50th Anniversary on:Corrosion of. Milit -
Contract NAS 8-20029, Supplement 1 (June 24, and'Aerospace Equipment Technical Cenfez eae-e e_
1966-June 23, 1967) DMIC No. 69006. held at Denverg Colo#, May 23-25, 196- _

[VAIC No. 68642.
(16) Dingley, W., Bednar, J., Rogers, R. R.,

"Combatting Hydrogen Embrittlement in Steels", (25) Shepard, M. L., and 01-e. s:
Metal Finishing, Z5 (2), 44-48 (February Corrosion Studies ofUncoa-1-
1967) DMIC No. 68268. Nickel-Base Superallo y ..-

( ~~~Aircraft D -Li~nhAI ~ p l
(17) Crooker, To W., and Lange, E. A., "Corrosion- East HI otf-u. 'i P - - 4

Fatigue Crack Propagation in Modem High- AF. %tii .' aor An#Jta -
Performance Structural Steels", Metal .n& oe -u' iitT~cj sc. .-.c
Progress, 22'(1), 198-204 (July, 1967). - . l:; 2 "-

(_18) Sutherland, W. M., "Stress Corrosion of --- - < -
Resistance Spotweliis in Type 301 Stainless5 ~
Steel", General Dynamics/Corvair,' Sein. C i _ S t ticir of the
Calif., Paper presented at the AFML C-,h- - X--riof Rea Eon of Titanium
Anniversary on Corrosion of Militari - - I'tII iidogn", Summary Report, Battelle
Aerospace Equipment Technical Conferevetq.. - J eorial Institute, Columbus, 0., Contract
at Denver, Colo., May 23-25, 1967, -dIC . - NAS 9-6565 (May 15, 1967) EMIC No. 68935.
69178. (27) Brownfieldi C. D., "The Stress Corrosion of

(19) Logan, He Lo, andoMoBee, M, J., "Stress- Titanium in Nitrogen Tetroxide, Methyl Alco-
Corrosion Cracking of Cold-Reduced Austenitic hol, and Other Fluids", Report SID 67-213,
Stainless Steels", Materials Research & North American Aviatior, Inc., Downey, Calif.,
Standards, pp 137-245 (April 1967) rMIC No. (March 1967) UMIC No. 68489.
68740.

(28) Beck, T. R., "Stoss Corrosion Cracking of
(20) Kubose, D. A., Lai, M. G., and Goya, H. A., Titanium Alloys", Journal of the Electro-

"Measurement of Seawater Corrosion of $nap chemical Society, #. (6), 551-556 (r7une
Container Alloys Using Radioactive Tracer 1967) DMIC No. 68828.
Techniques", Report USNRDL-TR-1092, Uo S.
Naval Radiologlc.al Defense Laboratory, San
Francisco, Calif., AEC Contract AT(49-5)-
2084 (October 10, 1966) IMIC No. 68518.
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